Mice were infected intravenously with increasing numbers of Mycobacterium habana (simiae serotype II), and the levels of delayed-type hypersensitivity to purified protein derivative and M. habana cytoplasmic protein antigen were determined after 14, 30, and 90 days. A footpad delayed-type hypersensitivity response was seen in 14-day-infected mice and was followed by a persisting anergy. T-cell-enriched suspensions collected 30 and 90 days into the infection (anergic donors) showed depressed transformation indexes after phytohemagglutinin and M. habana cytoplasmic protein antigen treatment in vitro. The corresponding B-cell mitogen (lipopolysaccharide) responses were not affected. Mixing experiments with T-cell-enriched suspensions from day-90 M. habana-infected donors adoptively suppressed lymphocyte transformation by normal and day-14 spleen cells. This effect could be ablated by anti-theta serum and complement treatment of the day-90 cells, indicating that the lack of in vitro responsiveness to cytoplasmic protein antigen was mediated by a population of suppressor T-cells present in the heavily infected spleens. There was no evidence that similar cells were present in the spleens of the 14-day-infected animals.
Mice were infected intravenously with increasing numbers of Mycobacterium habana (simiae serotype II), and the levels of delayed-type hypersensitivity to purified protein derivative and M. habana cytoplasmic protein antigen were determined after 14, 30, and 90 days. A footpad delayed-type hypersensitivity response was seen in 14-day-infected mice and was followed by a persisting anergy. T-cell-enriched suspensions collected 30 and 90 days into the infection (anergic donors) showed depressed transformation indexes after phytohemagglutinin and M. habana cytoplasmic protein antigen treatment in vitro. The corresponding B-cell mitogen (lipopolysaccharide) responses were not affected. Mixing experiments with T-cell-enriched suspensions from day-90 M. habana-infected donors adoptively suppressed lymphocyte transformation by normal and day-14 spleen cells. This effect could be ablated by anti-theta serum and complement treatment of the day-90 cells, indicating that the lack of in vitro responsiveness to cytoplasmic protein antigen was mediated by a population of suppressor T-cells present in the heavily infected spleens. There was no evidence that similar cells were present in the spleens of the 14-day-infected animals. Suppressor T-cells could be induced in vitro by exposure of day-14 spleen cells to concanavalin A or M. habana cytoplasmic protein antigen before they were mixed with normal or day-14 indicator splenic lymphocytes. The timing of the appearance of suppressor T-cells in the infected spleens corresponded to a loss of footpad hypersensitivity by the M. habana-infected animals.
Lepromatous leprosy is characterized by the accumulation of large numbers of acid-fast bacilli within tissues which show little evidence of any cell-mediated immunity as the infection progresses (2) . The patients also develop a profound state of lepromin anergy which tends to persist even after the mycobacterial load has been reduced by effective chemotherapeutic intervention (1, 11) . Unlike tuberculoid leprosy, the peripheral blood lymphocytes from these anergic patients fail to exhibit an enhanced blast transformation in the presence of lepromin (10) .
A number of atypical mycobacteria are also able to establish persisting systemic infections which are associated with a profound state of skin test energy to the corresponding mycobacterial antigens (7) . Heavy BCG infection has been shown to be associated with active suppression of lymphocyte transformation by spleen cells exposed to the nonspecific T-cell mitogen phytohemagglutinin (PHA) (22) . At the same time it can be shown that some mycobacterial infections seem to persist virtually indefinitely with no indication of any cellular hypersensitivity or the development of a cell-mediated antibacterial immune response capable of limiting further growth of the slowly multiplying mycobacterial population within the lymphoreticular organs of the host (14, 26 (Fig. 1) . The translucent colony variant could be serially transferred on 7H10 agar without reverting to the original mixed colony form. It could even be subcultured in MSTA liquid medium (modified Sauton medium with Tween-80 and albumin; 8) for one or two transfers without serious reversion. M. habana T13Tr was transferred from 7H10 agar to MSTA in 500-ml roller tubes and incubated at 370C for 10 days (8) . The logarithmicphase culture was dispensed into 1-ml ampoules and stored at -700C (4, 6) . The frozen suspension was thawed at 370C, homogenized in an equal volume of fresh medium to break up any clumps, and plated on Middlebrook 7H10 agar. Almost 100%1o of the resulting colonies were of the translucent type.
Antigen preparation. The organisms were cultured in MSTA in 1-liter roller bottles for 14 days (8) . The cells were centrifuged at 10,000 x g for 30 min at 40C, suspended in 0.05% Tween-saline, and heat inactivated at 1000C for 30 min (26). Sterility tests were carried out by inoculating approximately 108 acid-fast bacilli onto 7H10 agar plates and incubating the cultures at 370C for 6 weeks before examining them for signs of growth. They were uniformly negative. Suspensions to be used for Mitsuda-type footpad tests (14) were standardized to 109 acid-fast bacilli per ml by microscopic counting (24) . The mice were injected in a hind footpad with 0.02 ml of the heat-killed suspension (2 x 107 to 5 X 107 acid-fast bacilli).
CPA. CPA were prepared by ultrasonic disruption of 5 x 10' acid-fast bacilli per ml at 0°C in 30-s bursts for 5 min (26). The cell breakage rate was followed by the drop in optical density. Residual whole cells and (4, 5) .
Enumeration of the in vivo bacterial populations. Groups of five mice were sacrificed, and the lungs, livers, and spleens were removed aseptically and homogenized separately in cold 0.05% Tween-saline (6) . Serial saline dilutions were plated on 7H10 agar and incubated in sealed bags at 37°C for 4 weeks before counting.
T-lymphocyte purification. Washed nylon wool (Leuko-Pak leukocyte filter; Fenwal Labs, Deerfield, Ill.) was packed into a 60-ml disposable syringe barrel, gas sterilized, and used 3 to 4 days later (15) . The column was rinsed with 20 habana T13Tr cells. The resulting growth curves are shown in Fig. 2 . The M. habana inoculum declined slowly with time in the lungs, livers, and spleens of most of the strains of mice tested, and by 6 months the number of viable organisms recovered represented about 1% of the initial inoculum. However the organisms did multiply slowly in the C57BL/6 mice, some of which died 10 to 12 months later as a result of ongoing lung infections.
Delayed-type hypersensitivity to M. habana CPA. B6D2 mice were infected intravenously with 106, 107, or 108 viable M. habana were cultured in the presence of PHA, and the thymidine incorporation rates were measured. In a second study, cells were taken from 14-dayinfected mice and mixed with equal numbers of anergic (day-60 or -90) spleen cells before exposure to 0.1 jig ofM. habana CPA. The thymidine uptake figures are shown in Table 5 . Whenever splenic cells were taken from anergic donors (60-or 90-day-infected mice) and mixed with normal T-cells, their response to PHA stimulation was significantly lowered relative to that expected for a simple halving of the number of responder cells. A similar reduction was seen when day-14 M. habana cells were mixed with day-60 or -90 T-cells and exposed to the M. habana CPA (Table 5) .
Finally, the same experiment was repeated with day-60 or -90 cells which were first treated with 20 ug of mitomycin C per ml. These cells were later mixed with normal or day-14 M. habana spleen cells which showed normal incorporation levels when exposed to PHA or to the specific CPA (Table 6) .
Anti-theta serum treatment and the suppressor effect. Spleen cells from M. habanainfected mice were passed through nylon wool columns before exposure to anti-theta serum and complement (21) . The treated cells were exposed to 0.1 ,ig of PHA. Unfractionated spleen cell controls were cultured in the presence of LPS. As Table 7 shows, anti-theta serum virtually ablated the response normally shown by splenic lymphocytes exposed to PHA or CPA (but not to LPS), indicating that the response under investigation was a T-cell-mediated response to the M. habana CPA. A suspension of day-90 spleen cells was also treated with antitheta serum and complement and mixed in various combinations with normal or day-14 M. habana-infected spleen cells (Table 7) . Normal T-cells mixed with the day-90 (anergic) spleen cells showed suppression of the response to PHA stimulation (Table 7) . This effect was ablated, however, if the day-90 cells were first treated with anti-theta serum and complement. A similar effect was observed when the day-14 cells were mixed with anti-theta antiserum-treated day-90 cells. The latter response indicates that the suppressor cells in the day-90 spleens are Tcells which are responsible for the lack of responsiveness to both PHA (nonspecific) and M. habana CPA (specific) seen in the later stages of the M. habana infection.
Induction of suppressor T-cells. Spleen cells were collected from 14-day M. habanainfected mice and purified by passage through nylon wool before being exposed in vitro to 4 ,ug of either concanavalin A (ConA) (9) or M. habana CPA per ml. The experimental protocol is outlined in Fig. 5 25, 1979 on August 27, 2017 by guest (Fig. 1) . The present growth data indicate that M. habana T13Tr is able to persist in vivo for long periods without causing substantial disease. However, in the more susceptible C57BL/6 mice, deaths were observed late in the infection period, and this is compatible with earlier findings of an increased susceptibility to mycobacterial infections in this inbred mouse strain (3, 13) . The growth curves in Fig. 1 and 2 Tables 6 and 7 indicate that the lack of lymphocyte responsiveness seen in vitro in the 10' viable M. habana cell suspension coincided with the de novo production of suppressor T-cells within the spleen. A similar response was seen in the mice infected with 106 or 107 viable M. habana, although the corresponding suppressor T-cell populations did not emerge in these mice until day 60. There was no observable depression in the LPS or PPD mitogen responses (Table 3) , the latter being ascribed to the known ability of PPD to act as a B-cell mitogen (25) .
Suppression of some T-cell-mediated responses has been ascribed to the presence of macrophages or their products in the cell mixtures (12 of the threshold dose required to induce detectable suppressor T-cell activity. However, the partial restoration of the PHA response after the 106 M. habana population had decayed to approximately 104 viable bacilli (6 months) suggests that this threshold occurs at about this level. The present investigation suggests a possible role for these suppressor T-cells in the modulation of delayed-type hypersensitivity responses seen in M. habana-infected mice. Both delayedtype hypersensitivity and anti-mycobacterial immunity are T-cell-mediated responses, however. Thus, the suppressor T-cell population, demonstrated in vitro, may also be responsible for the inability of the cellular defenses to completely eliminate the residual M. habana population from the tissues. The possibility that suppressor T-cells prevent an effective anti-mycobacterial immune response within the host tissues has important implications with respect to the persistence of both atypical mycobacterial infections and lepromatous leprosy in humans (2, 10, 14) .
